One of the primary purpose of head related products is to protect the head. To perform their function well, these products need to be in close contact with the head, so in order to ensure a good fit, the designers need accurate anthropometric data. Till date only a few studies have been conducted on Indian adult population to acquire their head shape data and hence there is a need of conducting such studies so as to help in customizing products for Indian population. In this paper authors presents a preliminary investigation of four anthropometric parameters namely head length, width, circumference and anterior height. Thirty male and thirty female adults participated in the study, in which their anthropometric measurements were acquired from 3D head models developed from Computed Tomography (CT) image data. The acquired data was further statistically analyzed to create an understanding of the head shape of Indian adults. The mean values of the acquired data showed the difference in sizes of males and female heads. The analysis also showed a significant correlation between head length and circumference for both male and female participants.
Introduction
With the advancements in ergonomics, and consideration of a user centered approach product designers are focusing on user comforts and fit parameters [1] while designing daily product. Out of the wide range of products designed for head, many are primarily designed for the purpose of protection as head houses brain and several sensory organs. Some products are also designed for medical and aesthetic purposes [2] . All these products need to be in close fit with the head to effectively serve their purpose [3] . In order to ensure a good fit and optimal level of user comfort, the product designers need highly accurate anthropometric data. With the use of traditional measurement techniques, it is difficult to acquire accurate anthropometric data due to the complex contour of the head [2] . In addition, acquisition of data using calipers, scales or tapes is time consuming and has low reliability [4] [5] . However with the advancements in Computer aided design and modeling (CAD/CAM) technologies, it has become possible to develop accurate 3D digital human models, which can be used to acquire anthropometric measurements. Several techniques have been used to create 3D digital human models, including usage of medical imaging data like Computed Tomography (CT) [6] [7] / Magnetic Resonance Imaging (MRI) [8] [9] , usage of multiple images (Stereophotogrammetry technique) [10] [11] , and usage of advanced 3D scanners [12] [13] . A detailed review on different existing head related 3D modeling techniques was presented in previous study by Shah and Luximon [14] . Accurate anthropometric data can be acquired easily from these 3D models using various 3D design software tools. Various research groups around the world have created country, region or ethnic group specific 3D head shape databases [15] [16] [17] [18] [19] [20] [21] in past, which have been used for several applications. However, currently there are very few studies conducted on Indian population to generate a standard head shape database. Being the second most populated country in the world, India is a huge potential market for ergonomics designed products. Hence, it is essential to study head shape in order to help in designing and optimizing products for Indian population. Hence, in the following paper, authors have tried to conduct a preliminary 3D anthropometric study to understand the head shape of Indian adults. In this study anthropometric measurements were acquired from the 3D models generated from CT images. The data acquired in this study can be helpful in understanding the relationship between factors like age, gender and different head parameters which could find applications not restricted to the field of product design, medicine and research.
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Procedure
After acquiring an informed consent from the participant, Computed Tomography images of their head were acquired using Siemens Somaton Scope CT scanner. The CT images were acquired in Digital Imagining and Communications in Medicine (DICOM) format files. Using Materialise MIMICS software 3D head models were developed from the CT data for all the participants as shown in Figure 1 .
Fig. 1. Processing of CT data in Materialise Mimics
The 3D models were further cleaned and post processed to remove unwanted areas from the scan like the head mount. The individual processed 3D head model ( Figure 2 ) was then exported in stereolithography format (.stl) files.
Fig. 2. Processed head model from CT data
Four key measurements were acquired including; "a"-head length, "b" head width, "c" -head circumference and "d" -anterior height of head (distance between top of the head to the naison) in Computer aided designing (CAD) software. Figure 3 shows the detailed location of the measurements.
Fig. 3. Location of anthropometric measurements: "a" -Head length, "b" -Head width, "c" -Head circumference and "d" -Anterior height of the head
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Data Analysis
Statistical analysis of the acquired data was performed using IBM SPSS 20.0 software. A within group descriptive statistical analysis was performed to evaluate the mean values, standard deviation and minimum and maximum values of the four anthropometric measurements. Correlation analysis were conducted to understand any relationship between the different measured dimension for both male and female. Table 2 shows a detailed descriptive statistics of the acquired data. For the current set of data, mean values of head length, width, circumference and anterior height for male participants are higher than those of females Table 3 and Table 4 show the values of Pearson correlation coefficient between different parameters for the male and female participants respectively. Correlation between head length and head circumference showed a statistically significant correlation for both male and female participants. All the other parameters did not show significant correlation for both male and female participants. 
Results

Conclusion
The current paper presents a preliminary anthropometric investigation of four key head measurements for Indian adults. The acquired measurements include head length, width, circumference and anterior height of head, which are useful for designing head related products. The study involved sixty Indian adult participants from different age groups and their head models were acquired from computed tomography images. The required measurements were acquired using 3D CAD software. The measured values indicate that male head dimensions are larger than that of females. In addition, correlation analysis was performed to understand relationships between measured parameters, which showed significant correlation between head length and head circumference and non-significant correlations for other parameters. The sample size of the current study is small. In addition, for design of wide range of products for head, several other parameters need to be studied. In future, an extensive study needs to be conducted to create a database of head shapes of Indian adults. Such database can be useful in customizing and designing products for Indian people.
